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1 Introduction

It is not yet possible to define detailed setups for receiver performance in LTE, e.g. due to lack of decisions on details in RAN1 and RAN2. However, it is desirable to start the discussion on what types of tests that need to be defined. Several issues are brought up in [1], along with suggested prioritizations in order to finalize a first set of requirements within the short time frame available. This contribution further elaborates on these issues, and brings up additional topics. Uplink receiver performance requirements are discussed in [2].
2 Discussion
In this section we discuss some of the open issues related to UE performance requirements in some detail, most of which were also brought up in [1]. 
Physical channels: In [1] it was suggested that requirements for DL shared channel and control channel are prioritized, and this is a reasonable approach. But we believe that, once the basic requirements are in place, it should be reasonably straight-forward to define requirements also for MBMS-related reception. The reason is that it has much in common with DL-SCH reception from a physical layer perspective, with the addition of e.g. multi-cell reception and extended cyclic prefix.
Bandwidth options: We do believe it is beneficial to define requirements for all defined bandwidths from the start. Though, since it has been decided in RAN1 that any UE shall be able to connect to base stations operating at any system bandwidth, it is possible to exploit this in order to reduce the number of required receiver tests, and consequently also the required amount of simulations to perform when setting these requirement. Much of the functionality in the receiver chain is actually not bandwidth dependent and could thus be verified with rather extensive tests for one single bandwidth only. We propose that the prioritized bandwidth 5 MHz is used for this. These tests should then cover different modulation formats, coding rates, etc., in order to test relevant aspects such as radio performance, equalization, turbo decoding, HARQ etc, similar to the FRC tests in WCDMA. In addition to these tests, there needs to be a few additional tests for each bandwidth. One such aspect could be to test demodulation using a few resource blocks, e.g. at the edge, since this may vary between bandwidths e.g. due to different receive filters. Furthermore, it is desired to have tests to verify some bandwidth dependent performance, e.g. a high data rate test, with full bandwidth occupancy and high code rate, according to the UE capability. Details on this will depend on decisions on different UE classes in other WGs.
Separate requirements on demodulation and CQI reporting: In [1] it is proposed to keep the requirements on demodulation and CQI reporting separate, as is done for HSDPA. We agree that this is a tractable approach, but care must be taken in order to design the CQI reporting tests in a sensible way. For HSDPA, it has lately been shown that UEs may report CQI in a way that decreases the link adaptation potential significantly, while still fulfilling the 25.101 requirements [3]. It is highly desirable to avoid this for LTE. It is likely that each MIMO scheme has its own CQI reporting principles, and consequently the CQI reporting needs to be tested for all MIMO schemes. This could perhaps be avoided if a well-defined requirement can be designed to jointly test CQI reporting and demodulation of shared channels (PDSCH and PDCCH [4]) for a specific MIMO scheme. 

One additional degree of freedom in LTE, compared to HSDPA, is the possibility to do frequency domain resource allocation. One way to test this could be to have a strong interferer which transmits with constant power, but uses different frequency regions in a time-varying fashion. This should then be reflected in the CQI reports from the UE, provided that the variations in time and frequency are chosen appropriately. Here, a variable reference channel (VRC) test case, i.e. where the resource allocation is determined by the CQI reports, would be possible to consider, instead of just testing the CQI reporting. Whether or not the modulation and coding should be varied, or only the frequency allocation, is FFS. 
Localized vs. distributed transmission: We agree that it reasonable to start with performance requirements on localized transmission, i.e. with consecutive resource block allocation only. If distributed reception is included in the RAN1 specifications, the corresponding requirements needs to be added, but initially it might suffice to have functional tests only. 
Single vs. multiple stream transmission: As proposed in [1], it is natural to finalize single stream (1 Tx) transmission requirements first. However, since MIMO is a fundamental component in order to fulfill the LTE performance requirements, we believe that the corresponding UE requirements should be delayed as little as possible.
Reference receiver: The choice of reference receiver to be used for setting minimum performance requirements should preferably depend on how the interference environment is modeled. If other cell interference is modeled as AWGN, an MRC receiver would be suitable for setting minimum requirements for single stream reception, and an IRC receiver could be considered to be used as the baseline MIMO receiver. At later stages, one might consider having enhanced performance requirements, with suppression of other cell interference using e.g. an IRC receiver for single stream reception. Similarly, enhanced MIMO performance requirements could be based on e.g. a SIC receiver. 
Simultaneous performance tests: In [1], the question was raised whether combined tests for simultaneous reception of e.g. DL shared channel and broadcast channel are needed. We believe that such requirements should be defined, but should not be prioritized at this point. This type of combined tests could be extended to also verify e.g. simultaneous DL-SCH (including PDSCH and PDCCH [4]) and MBMS services. Even simultaneous UL and DL traffic at high rates could be considered, in order to test the capability of a UE to handle large amount of data traffic, while maintaining receiver performance.  
Discontinuous reception/discontinuous transmission (DRX/DTX): The network will be able to configure UE DRX and DTX in RRC connected mode. This would allow the UE to switch off parts of the radio during low data-rate, CS-like services such as VoIP. This is an essential feature in order to save UE battery time. It is thus important to ensure that the defined performance requirements cover this mode of operation. Currently RAN2 is in the process of analyzing and specifying various aspects of this feature. Whether or not this requires specific tests would depend upon the outcome of the decisions in RAN2.
3 Conclusions

In this contribution we have addressed a number of  open issues concerning UE performance requirements, with some proposals on the way forward. Due to the limited time frame available, prioritizations have to be made. Thus we propose that initial effort is spent on

· Performance on single stream DL shared channel, similar to FRC tests in HSDPA.

· Extensive tests for 5MHz bandwidth.

· A few tests for higher and lower bandwidths, ensuring consistent behavior in the frequency domain, as well as performance at high data rates.

· DL control channel tests.

· CQI reporting tests.
Furthermore, the following issues need to be considered in a near future:
· Performance for MBMS traffic.

· Requirements for multiple antenna schemes. This applies both to demodulation performance and CQI reporting.
When the basic performance above have been finalized, one should also consider: 

· VRC-like tests with time-varying interference to ensure good link adaptation ability.

· Enhanced performance requirements using more advanced receivers.

· Simultaneous performance on different DL channels.

· Simultaneous DL and UL performance.

· Distributed resource block allocation, should this be allowed in RAN1 specifications.
How these issues should be prioritized is for further discussion. We encourage other companies to share their views on the issues brought up in this contribution.
4 References

[1]
R4-070139, “Receiver performance requirements for E-UTRA UE”, Nokia.
[2]
R4-070385, “LTE BS Receiver Performance”, Ericsson.
[3]
R4-070268, “LS to RAN WG4 on CQI reporting behaviour”
[4]
3GPP TS 36.211, “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Channels and Modulation”.  

[image: image1.emf] 

IFFT  

[image: image2.emf] 

0  














































































































